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FOREWORD

This work represents the first attempt to systematize the theory and design
of the gas-turbine engines used in aviation.

The authors consider it necessary to give methods for determining the thrust

nas and to familiarize the reader with the general characteristics of

R

various types of jet engines as prerequisites to the theory and design of aircraft
gas-turbine engines.

A aspecial chapter in the book is devoted to thermodynamic computations for

gas-turbine engines;
gas Tlow through the engine and determination of the main paremeters and charac-

teristice of the engine.

these computations permit thermodynamic calculation of the
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Attention is also given to problems of fuel combustion in chembers. BSeveral
types of combustion chambers of gas-turbine engines ere described and the present

I theory of combustion in chambers is analyzed briefly.

determination of optimum paremeters, and calculation of altitude and speed charac-
teristics because there is not enough information on these problems at present.

Problems connected with regulation of ges-turbine engines are considered in
a separate chapter. In conclusion, constructions of several present-day engines
are surveyed briefly.

In writing the book, the authors used availsble technical literature and, to
a considerable degree, data based on their personal studies. The book has been
approved by the Ministry of Higher Edaucation as a textbook for aviation institutes.

The suthors wish to thank Professor Doctor M, M. Maslennikov, who read the
manuscript and made valusble suggestions.

A large part of the took is devoted to characteristics of gas-turbine engines,

ACCEPTED TERMINOLOGY AND AREBREVIATIONS

FNo Accepted Term Accepted Abbr

1. Jet engine RD
2, Jet engine operating in air VRD
3. Tocket engine -
4, Solid fuel rocket engine RDT
5. Liquid fuel rocket engine ZhRD
6. Ram-jet engine PVRD
1. Compressor jet engine operating in air -
8. Compound engine o
9. Gas-bturbine engine --
10. Turbojet engine TRD
11. Double-channel turbojet engine DIRD
12. Turboprop eagine TVD
13. Thrust R

;;,; 14, Specific thrust (kgsscc/kg air) Rgpec
15. Flight speed v (m/sec)
16, Thrust power Vo
17. Specific weight of engine (kg/kg-thrust) .
18, Specific load on engine (kg/sq m) . R,
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! ] No Accepted Teim Accepted Abbr
l 19. Specific fuel consumption (kg/kg-thrust-hr) Cepec
20, Specific fuel consumption with respect to
thrust power CT )
21, Specific impulse (kg sec kg of fuel) Ry
1 02, Velocity of gases flowing from the nozzle Vg
23, Air discharje per gecond Gy
I o, Fuel consumption per second Gp
25, Gas discharge per second GG "
L . . ‘-‘ ”:i -
o6. Relative fuel consumption - : &
27. Discharge of air through outer (external)
channel of DIRD and TVD Goyt
28, Heat liberated in combustion chamber Qp
29. Preasure and temperature of the free air Po; To
30, Pressure, temperature, and velocity of
air in front of compressor Pqy Ty, W
; 1 *1r Tl
31. Pressure, temperature, and velocity of
air behind the compressor p, T, W
2’ 27 2
32, Pressure, temperature, and velocity of
gases in front of turbine P, T s ¥
37737 3
33, Pressure, temperature, and velocity of
gases behind turbine of TRD Pys Tiys Wy
34k, Pregsure, temperatue, and velocity of *
gases when leaving +he Jet of TRD ps, TS, w5
35. Pressure, temreratvre, and velocity of ’
air in front of outer channel compressor
1 1 1
of DIRD P 17 T 1 W 1
36. Pressure, temperature, and velocity of
air behind outer channel compressor of
DIRD P'os T's, LA
.37. Pressure, temperature, and velocity of
gases when leaving cuter channel nogzle
. 1 Tl W'
. of DIRD P 52 T 53 5
38, Pressure, temperature, and velocity of
geses behind the turbine driving the
outer channel ccmpresgor in & DTRD and
4he propeller in a TVD phy, T, ¥
b L b
30, Pressure ratio of compressc: according e '
to static and stagnation pressures '\Tc* .
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Fo. Accepted Ternm ) Accepted Abbr 1
Lo. Pressure ratio of the diffuser accord- T™p

ing to static and stagnation pressures w o*
41, Mech number M
42, Degree of axpansion of gases in turbine 5
according to static and stagnation pressures 5 *
43, TFree energy of gases Loy
44, Availsble cnergy of gases Lyv
5. Adisbatic end actual Work done by cow- Loa
pressor L
46, Pressure coefficient in diffuser accord- 6 pIF
ing to static and stagnation pressures 6 pre*
47, Adiebatic efficlency of compressor accord- N AD
ing to static and stagnation pressures TI Ap*
48, Presswe coefficlent in combustion chamber
(c.c.) according to static and stagnation ¢ o,
pressures Sc.c.
k9. Turbine efficiency according to stagnation 77*
parameters (73
50, Nozzle coefficlert ¢
51, Coefficient of distribution of free energy n

52, Coefficient of nest liberstion (coefficient
of ccmpleteness of combusticn Ec.c.

Note: Parameters of delayed flow are designated by an asterisk. E

22, COMPARATIVE EVALUATION OF GAS-TURBINE ENGINES
ACCORDING TO SPECIFIC PARAMETERS

The preceding -calculaticns of characteristics of verious types of gas~turbine
engines permit us to make a comparative eveluation of gas-turbine engines accord-
ing to specific thrust end specific fuel consumption and 40 meke several conclu-
sions of practical importance for determining the Future aspects of development.

As can be shown graphically (Figure o3}, the turboprop engine is most
efficient with respect to specific thrust up tu Mach numbers of approximately 1
(for M5 = 4 and T3 = 1,2000K) and for %, = 0.8, since it develops maximum thrust
in this velocity Fange. The turbojet engine develops less thrust in the velocity
interval M = 0-1.0, but develops greater specific thrust than the turboprop engine
only for M>1.0. The double-channel turbojet engine develops considerably less
+hrust than the turbojet or turboprop engines for Mach mumber from 0 to 1.5. -

Graphs (Figure 2hlt) show that the turboprop engine also has the best indexes
with respect toc apacific fuel expenditure Cup for Mach numbers from O to 1..0 (for.
o=k and T3 = 1,200%K). The simple turbojet engine has the highest specific
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Pucl connumpiicn waldes rthesc comiidicns . Foe Mack mmdhers from O to 0.9, the ﬂ

double-chanrel turbejet engine 13 more eccnomical than the simple turbejet engine
and less econcmical than the twrboprop engine.

With an ineredase in ape2d; the tuwrtoprop engine compares less favorably with ’
the simple turbojet engine with respect to specific thrust and specific fuel con- 1
sumption., At M==1.0 the turboprop engine s no betier than the turbejet engine
with respect to specific thruet and spacific fuel concumpticn; and for M>1.0
the latter is better than the tuwrbcoprop enginz in both indexes.

The advantages of the twrboprop eng:ne are increased with temperature in-
crease in the gases in fromt of the turbine (T3).

Thus the sdvantages (a6 shown ip Figares 243 and 2bh) of the turboprop
engine are retained up ts tigh flight speeds with an increase in T,. For example,
with T, = lja’SOOC‘K Lhie Lwbsjzt engine compares with the turboprop gnly at M = 1.2
{for t‘x‘):e most efficlaut gas veloclty, the Turbojebl compares with the turboprop
engire at M==1.5'. In the twboprop sngine, the specific fuel consumption de-
creeses and the specific thrust increases with the temperature increase of the
gasen in front of the turbine, i.e., the epgine bz~omez most effective and most
ectoomical. In the twurholat engine, both the epecific thrust and the specific
fuel consvmptisn izcrease with the incrense of T3, i.,e., the engine becomes more
effective but less econcmical.

Comparison ¢f the double~chanrel turbojet engine with the turboprop for
T.om 1 5200°K shows that the double~channel engine is not so efficient as the
tirboprop with reapect to specific thrust and specific fuel expenditure tor Mach
numbery frem O to 1.3. The Jouble-channel engine has lese specific thrust, but
also less apecific fuel consumpticre, “han the simple turbojet engine (for Mach
purbers from 0 to 0.9).

Specific parametsrs of various gas-turbine engines are conveniently shown
as functions of Mach numbers for verisus altitudes. (See Figures 245 and 2b6,
where such graphs were constructed for 11,000-m altitudes and the same values of
To and Ty that wers used in Figures 2L3 and 2h4,)

Craphs ghow that ot 11,000 m the somparative qualities of various gas-turbine
angiras with respast <o spesdfisc parameters remaiun the same as at the ground. Bow-
ever, ithe advant [ob gL prop engine a3 ompared with the simple turbojet
are ratainsd for nignsr iy 2ltilude i av the grovsd, which ig ex-
plzined by the dscreams in flight efficizney )71"’ v ob_ of the turbojet engine
with height, ’ Ne

Thug, av 11,000 m, R . and O ~f the turbojet engive ecome equal to the
corresponding quentities for the Lhzbsprop engine at M z 1.4, while at the ground

thegs pavameters become equal at M » 1.0,

As cn the ground, the advantages of the turborrop engine are retained up to
higher flight speeds with a temperature increase of the ga:2s in front of the
turbine, For T, = 1,600°K, the turboprop engine is more efficienmt than the turbo-
Jet engine up té Hees1,70.

The conclusions drawn for the double-channel turbojet engine for ground ron-
ditione hold for 11,000 m. Hewever, at 11,000 m, the double-channel engine is
more efficient than the turbejet with respect to Csp up to Me==1.2,

Other graphs (Figures 247-250) can be drawm to show the veriations of the
specific parametera of variouaz gas-twrbine engines on the ground and at high al--
titudee {11,000 m) for Ty = 1,200%K, but higher pressure of the ratios (o= 8).
In such graphs, the variaticns of the specific perameters of the turboprop and
turbo jet engines for 'I3 « 1,600°K are also shown, by dotted lines.
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Such graphs show that doubling the pressure ratio of the compressor (from =
M, u b toflg = 8) for the same £a8 temperature in front of the turbine (T, = ‘

1 ,200°K) jpereases the specific thrusts and decreases the specific fuel cob-

sumption for all gas-turbine engines (especially on the ground) .

The relative position of the dependencies of the specific parameters on
the flight speed in the differevt gas-turbine engin2s remeins the seme as for
T, = 4, Thus, for T, = 1,200°K and g = 8, the turbojet engine does not
aiffer from the turboprop with resp>ct to specific thrusts and specific fuel
expenditures at the ground for M~=1.0, and at 11,000 m for M s 1.h; for
7. = 1,6000K, the correzponding figures 3are M= 1,2 and M = 1.7, i.es, the
sémc— values of M as for W n bo

The double-channel turbejet engi.ae, as at My = 4, is more economical than
th: simple turbejet enging on the ground for Mach nuibers from 0 tc 0.9 and at
11,000 m up to Melo2.

We should mention that the pesulte cbtained in comparing the different
gas-turbine engines, with respect to specific thrust and specific fuel con-
sumpticn, hold fer turboprop engines anly if the efficiency of the propeller
remains constant for all the Mach numbers considered. If the propeller effi-
ciency remeins constant only up to flight speeds of 800-850 ¥m per hr (v ===220m
per sec, M = 0.65-0.7) and drops sharply beyond this point, the adventages of
the turboprop engine will be retained only up to Mach numbers of 0.65 to 0.7.
With a sharp drop of rropzller efficiency for M>0.65-0.7, the turboprop engine
will bave low spacific thrust and high specific fuel consumption and will drop
behing both the simple turbojet engine and the double-channel engine with re-
spect to specific parameters.

Thug, a comperison of gas-turbine enginzs using contemporary aircraft pro-
pellers, which retain constant efficlency wp to flight speeds of 800 to 850 km
per hr produces the following results for the turboprop engine:

The turboprop engine 1is most efficient with respect to specific thrust and
specific fuel expenditure for Mack numbers from O to 0.7. For M>0.T, the turvo-
prop engine loses its sdvantages due to the reduced propeller efficiency and is
surpassed by both the simple turbejef: engine and the doJble~channel engine. For
Me=0-0.9 cn the ground and up to Mesl.2 a8t 11,000 m, the double-channel turbo-
jet engine he Jlower spacific fuel consumptior, i.e., 1s more economical, than
the simple turbojet engine. nuweves . 1he foamoy Azvzlops leas sperific thrust
and ic lese effective with respect to thrust than the simple turbo jet engine.
For M>»0.9 at the ground and M> 1.2 &t 11,000 m, the simple turbojet engine is
more efficient than the double-chennel engine with respect to both specific

thrust and specific fuel expenditure.

The above conclusions Lold if the TRD ard DIRD are not boosted by after-
burning (fuel cotbustion behind the turbine of the turbojet engine or behind the
eacond~channel compressor of the double-channel turbo jet engine).,

32. TURBOFROP ENGINES [Gonclusion]

Limiting ourselves to & short survey of verious gas-turbine engine designs
cited above, we introduce in conclusion some average date characterizing the
development of gas-turbina aircraft engines.

In 1943, gas-turbine engines had a take-off thrust varying from R = 800 to
R = 1,000 kg and a specific veight ggy (ratic of engine weight to thrust) of
0.7-0.8 kg per kg-thrust. By 1946-47, the thrust ot ges-turbine engines had in-
creased to R = 2,000-2 300 kg, woile the specific weight hed decressed to 0.3-0.5
kg per kg-thrust.

s T =
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The specific fuel consumption cf turbojet engines is still high and varies
from 1.0 to 1.1 kg per kg-thrust-hr. In double~chennel turbojet enginer, the
specific fuel consumption drops to 0.65 kg per kg-thrust-hr, but its specific
weight ie higher (ggy = 0.5-0.55 kg per kg-thrust) than present-dey simple turbo-
jet engines.

We should peint out that two types of gas-turbine engines, the turbojet and
the turboprop, are being developed most rapidly. Double~channel engines are be-
ing developed slowly for the present, which may be explained by the intermediate
position of their characteristica (if we do not consider supersonic speeds and
fuel combusticn in the second channel) with respect to the characteristics of
turbojet and turboprop engines.

Of interest are graphs that show specific weighte of turbojet engines versus
production ycars (Figure 375) and specitic fuel comsumption (Figure 376). Thus,
speciiic fuel consumpticn is shown in such graphs as .eing maintained at Cen = 1.0
kg per kg-thrust-hr level for most turbojet engines, while specific weights of
engines are seen to decrease slcvly but steadily (Figure 375).
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Figure 250. Specific fuel expenditure
.- of turbojet, turboprop, and double-
channel turbojet engines versus Mach
Fumber for H = 11,000 m, 7, = 8,
T3 = 1,200 and 1,600°K.
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Figure 375.
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Figure 376. Diasgram of specific ruel expendiiures of turbojet engines by
production years.
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Diagram of specific weights of turbojet engines by production years.
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